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(54) mn<D4^mi XK>A;l.:^*IC«-rf<«^Mffi6nB»»Sl^yHRtfen*ffiVifc«^aB»S^» 



(57) 

'ttl^B5 4i:. 2:^(Dmm^mARUB ^^^m-r ^R^IO 

mB<ommm^m:^i^mm^2x i 03 ( j/m3) sx± 

ttlKB W*a^{i. C o 100-Y-zF e yN i z ( a t %) 
YS5 ZS20 Y + Z^70 "Cfo-SSS^SJit^ 




( 2 

1 

[#rF»*<o«siaj 

im^mi] m.mzMhxitm6^it^^\^B^^^i com. 

X 1 03 (J/m3) «±T-fcl3. J.-oMIB^attlKAi: 

Si:. Hul5^iro^<Ki4Jli:mif3^ 2 cossets® wratd 
W^KttlKAS.tJ«3aiK14BlB t . BUS 2 tfcro^attlKA 20 

s:t>'B^^i-it-rsR3satt^-a-i^t. 

H^IB^^tt^A t Si^ttl^B Offi^fi. 
C o 100-Y-z F e yN i z ( a t %) 
YS 5 
2 0 

Y+Z^7 0 T-fcSr irSriJ^mt-f-S^^jgfetja*^ 

att^t, ^#l-«-LTW:l!i6^)jS^bllv^^2<03ii^i4 
e t . mJlE^ 1 ossattg t HtllBlg 2 coPp^tc 30 

BufS^2(^)^ai4S«. Sv>lcS3SiK<±M-a-^tufc2;te 
03*iKttlRAS:Us^^tt)KB t , ttflE 2 feco^a'tiiKA 
St/B^^aii-SR^^tt^-^^i. ;5-P>«^$ix. 

C o loo-Y-zF e vN i z (at %) 
YS 5 
2 0 

Y+Zg7 0 -r-fooT. MIE*fifig(C, Nb, Zr, T 40 
i, Hf, Ta.W, Mo, V, Cr, AlPt, P 
d, Ir.Rh, Ru, Au, A g ^fcttC u O 5 *>(^ 
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2 

C o 100-Y-z F e yN i z (a t %) 

Y^5 

Z S 2 0 

Y+Z^70 T-fcoT. HulSII/igtC, T/U^-e^Ag? 

$ttfc2o(05tJKtt^ASO«!SmttMBi:, fifrf5 2o© 
3Sai4I^A5.t)<B ^MBT-^^SI-r^KSSKtt^-a-i^i: . 

MiE«Jl7.r. y @:^jl(7)3tmttMB{c:lKffiTg!|SLTJg 
fife ^*xfc^attx-<— !^M t . 

:f -rs c o mfi^-iKm^mt . 

H5fE*^^5^(c^ffir-^^i-5«^SSii:. ^m^t^^ 

MfE^^ttMA <!: si^tt^B (Dmmmn.m:^i^^^i^ 2 
xio3 (j/m3) ^ir-fci?. K-^mmm^mAt 

t. 

ms&$^m^y^-<~-^~mtmmxmm-t^mmitmA. 
B . Rxfmsd.^m.'^m^A t ^mamB ^^^x-^m-r^ 

^-f-^ Co m^iKm^^^t^ 

wiEKKtti^A t stJKtt^B (ommm.n.m:^i±-^mi)^^ 2 
xio3 (j/m3) M.-^wim^m\±mAt 



( 3 ) 
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^tifc 2 r3(D^m^mARu^m.i±^B t . mm 2 oro 

HtFiE^^tt;^-<— tJ-^i^Mffi-c^ls L-xwrn^titc^m 
tfi!E«)l:7 ^ y t SftfE*BStt>^-<— y-S t tfrfE3S 10 

HSr, 20 

Hc<H<He, 

[If 8 ] W*^ 1 * fcfi 2 fclE«(7>?^^lgtT;^^ 

mmm^mm^^m--- y k t pit ti>i^it.m.^mmm^ y 

r t ^wm t-r^ mmimn±mmo so 
[0001] 

«1£M (MR) ^mm^yh\ :z(0^y KSrfflV^fc^K^ 

iE»i?±3gB. ^i^i^^vi^y^mi^m-iKm^m.^ (m 
R) -fe^iM'M-rso 
[00021 

m.^m.tn. (MR) -feV-th*^t>. &;^J^^jgia (GMR) 40 

oofc^, p«.br:/y<yi':/-fev-y-ji^ieii#fF5 15951 

[0 0 0 3] y. ^'^^^^uymm^Wiin.-^ >-^<D:^m^^ 

ll^li. m'^m (Pinned layer) i ifi'tiS 
i*e (F r e e 1 a y e r ) t ifJtt 

53Sei±l>:attgi:, rtve> 2M(c:iSSg?g^Lrj**ti 

^ (BP*,, mmm. ^mm-tmt^-o 



4 

i:, (Barkhausen N 

o i s e) ti:\-£ti^^^mMit(o^i^-mz.mm-t^ 

[0 0 0 4] s^gii, ls^Mfr>Pi-Jn;®ifiii:;^r6)(i, 

^^bo/.e-r^ icmt^± c 5 i i (-1 <t !9 i^^ffifet^^jb^ 
[0 0 0 5] 3sm^-a-e(-jiii^s:3ia'tt«^255^v^e> 

-5„ ^ST-ic^bi^r^^•5R3SM^4W)^s|-i: L.r(4. Iffb 

— S/^^-zU (N i O) , ^— (FeMn) , 
-.x-iryu— (NiMn) Jfc fo 5 /iS. iSf 

^ (:/n lydrVi^'iaft) im^mmmm<Dmvfm<D±:^ 

[0 0 0 6] iOi 9^<e^*<^Ts *S*RpfF5 5 8 3 7 

- 5, y yt-^oTisi&^^ji ^ @ {CPS ^ -e-Zi V % ^ ^ r 
mmmicisii^x^ 2<3(o^mmmt\.xcoi:m\^\ -r 
tii^^R^nx^^^o 

[00 0 7] C r SrT%JrfflV>. mm^mt LT 

^^T^^^-f K y^V"^y jj? y ^— A8 3<op p 3 7 

2 0—3 7 2 StC^-fe^ttTV^So 
[0 0 0 8] 

@:£-r5co*5iiLv^r t^s^/s^ofc, ^<7>as(i. Co 



{ 4 ) 
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[0 0 0 9] C r ^TflfilClfflVV 3*ai41Ki: LT 

#xe>*tS. rixfi, C rTS6±<7)Co;aSh c pfliittd 

[0 0 10] *^P^roe6<j(4, 3^1^^-g-«(D/ii/^a^:7 
oi y SH^S ^^-r ^ f VPT/M-fe- 

«li-?>S««-^#ti-5r tT'feS, 20 
lo 0 1 1 ] 

[0 0 1 2] ^#{c:*rLTlt«6<)K!:;«L.^i,>mi c^^SS 

tm^im:B(ommm%.^^'{^-&m^2 x i 03 ( j/ 

m3) WJiT-fot), J.ofltFlE^fi£1±mAi:3Sattl^B© 

[0 0 1 3] *fc, mmz.^i^x^mm\^-.^\.B^^^i 

(r)mii\^mt. ^#(C*i-LTtl:|!f6^Jj;^LIill^^2(7)5S 
SSttg t . BulEH 1 (D^m^M t mUW> 2 ©3fi^ttg<o 

2<03S<K'l4gf4, S^^^c:K3S®^4^g^$^^fc2tS:w3S^40 
ttKA&T/3SlKi4I^B i . BUIE 2;Kc<^?S<Ktil^AS.t>-B 

C o loo-Y-zF e yN i z ( a t %) 
5 

Z g 2 0 

Y+ZS7 0 xh^:ii:t:<i^mt-rim^mt7i^^m 

{00 141 



6 

[00151 fmmmm 1 j ^sui^if-^i^tti 

tt^^W-'^— h'T'-i^^. fc2>VM4— 0*fc«— O^fc 

[0 0 16] ft«6*j;'i1f^l2^*3j;Offfit'9fcHL3S®<^- 

0ysriii 1 i-^-To m.mfinmii^. ^yw—^^ ^~ 

2^^^^LTA;^)tt^5:§:ltS^5o tf»«(i. ~ot>L< 

[00171 ( 1 ) ©Wi^g 5 : '^m.m^^m^Th^--' 

<Ox— ^cc>Atti;'jas 6 ^-&tr„ 

(00181 ( 2 ) '^y Kfig*iJi9giJ 9 : -.y mfi*U 
Wt-^SrW;^ --y Kfi:e1^m«-^SrA;^-r 

2>o 

10 0 191 (3) ^-iS'-ftiJ^fSPl 0 : lKft|««ro-v 
2/ Ktw^f-r^.+gJtW'Jejli&tiiBI-rS. iSa. ■f^ih, gBi& 

IgcOT^-f ^2^^co®14i«^l 3^->-y7 h 1 2JcJ;-oT 

-*54iz:L/c##ii^--2/ K7 i:g?;J^tt5L-^3' K8 t 

m-r^i)\ t>-i'A^(or^m^^ox^(D±^^±-r^xo 
t-^ i8i^T— A 1 4 tsi^w (vcM) 1 

[00201 ±fEcoJ;9(c. Ell (c^LfcT^'— i^'lE^^ 
fill, fo<*Tt.fli^«J''j:'bcoT-fo-5„ iilllcS%Lfc$g 

m<Dm^¥^-x'Mmx'h^tztf). z ^.x^commicov^xti 

m.mLf£\'\ mi <o^;^^.ttiL--5/ K8<D«^!!c 

icmm^^-Thi^CDXh^o lll2lcK^mL'^5' K8(D 
*ft^e<Jfi|jSSr5^-ro 01 tia2{c:J;5i:, fi$^4l««:i 3 



( 5 ) 



1*882000-113418 



7 

10 0 2 1 ] K7 tm^mi^^y KStilglO 

[0 0 2 21 ^bt-. ±a5i/--y^ Kfo'5VMiTa5:^T2 
m^^. o^iC. ='^/U'2 2^iia$ii-. ^(OJit^Ji^ 
as 2 3^, -feVi^J^ 18^ Tg|S>--y^ K 1 7 <7)F^mr/ 

r/3 2;6SiB@^tL^o 
[0 0 2 31 S«l 6{^. >y^:^^tz^'t±^^ y 

:^±.\:immi^(Dn^mm\^fch(o^m\^^^:Ltt^x^ 

5o Ai%l^XlTUm.n.^^-/\^ Y 2 I'BlXIX 7tC{^. y^"-30 
-^u^^-^^^:;^ h-^«:Ktt«r^-rc oS^fBKWW* 

[0 0 2 41 ^%mm\^xw^m Lfcia 2 1::^ L^cWit 

[0 0 2 51 m8\z.^ ^mn(o'^mMm\z.^>^m^\^\^ ^ 
xw^-r^r-. mscDrnf^^mmi^xmrn-r^t. 

^) Sr*i-So 50 



8 

[0 0 2 6] :^mmmmx\-x. m^m 5 o 2 o<d^ 
mit^ (0*jx.«. ss^ttj^A 5 2 . ^mi^ms 5 4 (cw 

^-r5) <^m6)C05*^tt^ (5 2<t5 4) (7:)Fp1tCR?t 

[oo27ia^:7^y mm:&m 5 o (^a^kto^^ttic 
m*«^i-^2oo^l»tt»<7>S:fe-tt^#;5s^S 

y SiS^S 5 0 CO 2 oco^att^(o^i5:^^+5>$'Jt^'^ 

H^?i£:^PRom (0. 5nm) t \^fz.y^\i^>^y</uym m 
mitmA (4. Onm) /Ru (0. 6nm) /SSSStt 
MB (3. 5nm) /Cu/gd^Jl (7. 0 n m) ) (D 

^irm^xnnvt^o 

[0 0 2 81 #3SattM«^-^n^*^X-^lfilte 
(coherent rotat ion) t S 

y</i^:f'^i^i^m<Dr^mmj:mti.x. ^fi^thi, oo 

(T) , 1 . 7 1 (T) , 1 . 7 1 (T) ^ L/Co 
[0 0 2 9] ^/c. ;^ t'^/^VWT^-fe^lM^Oit^&^^^^M 
^bT. @*ScOS*'t^^#^4 0 0 (A/m) . 
ttlKA i: ^m^mBm(D^^^^:iL^;\^e^^ j „= - 
1 . 12x1 0-3 J /m2 (^^m^-^^^Hex^^ 192 

S:Jint=7. 2 X 1 0-6J/m2 (jlM^-^a^Hint 
= 1 0 4 0 (A/m) ^ L/Co ^^S^tt^fl — o 

10 0 3 0] nwi^f^m^m^tfi^mit,. mw^m^m(D 
m(omm$ntim^mw^^h<Dmn'<D'^>-^mi 8±x 
:^^#8 0kA/m (mm(Dmm^tLfcm^mm^ib(D 

[0 0 3 1 ] HI 3 icm-Wf^^^yj^-ro s 3 (OHkfi^SK 

tt^AXfl B (0^^^*ti(Dm:^itm^<D:k^ ^Xih^. 

HI 3 (O 3 © i COS^T'ISBIJ^ 2 . 4KA/m;5S^ili-r 5^ 

^it'^m2x 1 0^] Xm^cm^^^^mxh^o ^ti. 

(03S$^S^f ^ttOTfei^. >i/^-yL— :/8 OKA 
/m(i. ^J;t^^fB®^«^^:;^|-5>coa^^O-fe:>'1^JKl Scogt 

[0 0 3 2] 5^^+i^AS:t/BtO*^A^(7)M;^tt^#H 
k;658 0 0 (A/m) r-fcoT^Fp^^'&^^Hintl 0 4 
0 J:l9/h$v>#^. •^^•:^->'^-:/^c^^b^iM,ib^^•r. 
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hix^mm-:7x.vmi^m<Dmitmtti4 8 (kA/m) 

So 

1 0 0 3 5 1 ^hiz. mm\imAR.xjfB(6mm<om:^^ 

ix-f. ^my^^vm-^mmiti^. so (kA/m) uat 
10 0 3 61 &.±(ommi. mm-y^^v @^sroM^« 

[0 0 3 71 

(1) 

[0 0 3 81 -^tc«, mmy^^vm^mt^mm 

[0 0 3 91 



[0 0 3 31 3S^tt^ASU«B<^¥34(OM:^14lK^Hk 
ii^l. 6 (kA/m) T-fcoTjirBl^-e-^lf-Hintl 0 

4 0 (A/m) J;(3:;^c#i-^»^, •V'f'-:^-— /u-T'lc^i'^ 

hI-TSo ^>'-^-/l'-7°T-{i^3 2 (kA/m) 

ST-li. -fe V-»^)?±Sffll]T•S:'c 4 0 (kA/m) T^S.CD \0 
m.^1fiUi:>i,(DX. 3 2 k A/mC0<^#T'H^g^-fk;4S 

[0 0 3 4] msm.mARxy--B<Dwm.(D^^^m^uy 

ti2. 4 (kA/m) (miE-rSS:^t4^m2 X 1 03 
(J/m3) (c*B^-t-5JK#) 

MsfHint t f<MsiHkl t l + Ms2Hk2 t 2 

ttiKA, m&^B<omm.itX'h*) . Hi„t. Hki. 20 

4 0 (kA/m) < (MsiHki t i+Ms2Hk2t2) / I Msi t i-Ms2 t 2 I 

(2) 

Lfc/!i5^T. ae^a^y @^^ro#3fii£ttM<0^33l<7)^ u (0. 6nm) /SSfiSttMB (2 

[004 01 ^^tta^<^a5Cm:*tta#^Sfcfc^)^^i: 
:%(Magnetoelastic Effect) A? 

[0 04 1] ■fe>iMKi*l^®f^T-9>^A:^fi5:^iB]<#40 

J; sm^rtttc J; o r S;6rttlKlf ^^J^-f 
[0 0 4 21 TJi'5^-r-=^-^:y-ti—^<^ KC0S;K±t- 

L, BS^^irs/T'l^Jc:, ^iKttJgA (2~5nm) /R 50 



u (0. 6nm) /SSfiSttMB ( 2 ~ 5 n m) /Cu/ 
S*J1 (l~10nm) A^Pj/iS^figio;^ fi^^VP:;^-fe 

(004 31 < -t-Sfc^lc. 

trior. ^ot#it^s,ii>35:;^B^B (fee) «it*fc(4 
^'L^±:^^u (b c c) «iti:-rSo ^S«it^B'L-5iir 

[0 0 4 41 ^2»^^S*ttcoSim«. C o fCF 

i:liT'%-f, ColJiFe, N i Sr*P;iSr iCiioT^ 

[0 0 4 51 ^5v5¥tt^m«SiJ^(i^l^+4Mro-& 
BP*jC otcF e, N i^^*Px.Sr tic 

[00 4 61 mmmim2i mmy=-')\ 
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li:{coVNT. ;^^>^S«/C oX/Ru 0. 6/Co 
(X-0. 5)/Cu2. 3/C o 1 /N i F e 5/T 
a 3 (nm) {mj#) . SU^:^^ >^S«/T a 5/C o 
X/RuO. 6/Co (X-0. 5)/Cu2. 3/C 
o 1/N i F e 5/Ta 3 (nm) (m#) ^Sr. 
X^3, 4, 5, 7 <i: LT. ^ti-8®^co^^j^^L 

[0 0 4 71 1|4<D (C) t (D) \a^. a^}g^ft0 

5lO^^# (TaT^) (7)«^(DaMSl7[ft^T'fo5o Sy 
[0 0 4 81 (C) (D) (Dj&m^^. if^m^H}G:\C± 
i^^LTM^L</<eV^o Co^ji:x^3, 5, 7 ^ 

fcSo 20 

o^Apa#;&r^tc^c^i^:^fca6{^. ^/c. ^^^^^ 
jE<i:-r5/ci^(^. a;i:7a.ys^jlco5^atiJ3I^CoF 

uO. 6/Co (X-0. 5)/Cu2; 3/Col/ 
N i F e 5/Ta 3 nm (X= 3, 4, 5, 7 ) . RXJ^ 
;i^f^;^S«/Ta 5/C oX/Ru 0. 6/Co (X- 
0. 5)/Cu2. 3/C o 1/N i F e 5/T a 3 n 
m^ (X = 3, 4, 5, 7) ^f^^L. a^ffijftft^^ 

[0 0 5 01 't(D'^^m^m4<D (A) t (B) {C^ 
-To J^«^Ji (A) TbK ;^f^;^S«/Ta 5/CoFe 
4/RuO. 6/CoFe3. 5/Cu2. 3/Col 
/NiFe5. 0/Ta3 (nm) T^fct). (B) 
:«'^^S^/C o F e 4/R u 0, 6/CoFe3. 5 
/Cu2. 3/Col/NiFe5. 0/Ta3nmT- 
fo^o r rr*Co F eJ^om^^fefi. FelOat%T*3^ 

TM^UV^ttHg<^r^-ro X=3, 5, 7(7)C o F eJ^/p: 
[00 5 1 1 125 tC^iC oRXlF e 1 4 a t %mfA<DC 

o F e <Dmitmgfm:^\^<D^mt3(Dmmi^^it^7jk'r 

r\ C oX\t.^m:h^mi . 6 (kA/m) Xh^T^^. 
C oF eXl^^mt)lt.4i^^h4. 8 (kA/m) <b;^§r 

!?^^S^rtt3i;t;yl.^-;55ii::^Lfcfci6T-fo«9. Fe^50 
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T*f^ 1 4 a t %F e|l^(D0iJ^^L/c;65^ Fe*fi^$r$ 
b (Cit-^-rR^a^^J&^i^mttm^ LCo-Fe50 

[0 0 5 21 L/c:65oT. F ejffl^^Sr ^ t l-it^f Of^ 

[0 0 5 31 a^^'^x.y H^s^^-r^^t-^^/vw^^ 

[0 0 5 41 

C oioo-Y-zF eyN i z (at%) (3) 

Y^5 (4) 
Z ^ 2 0 (5) 
Y+Z^70 (6) 

^tc. ZivhcD^^liCP t , Pd, Ir, Rh, Ru, 

Au, Ag, cu(Doh(o—m^tzi^'tti)^±^mu'r 
mmnm:^m^x^m:^i±:^wc^2y. i 03 ( j/m^) 

^±x;h^. ^^mm'^m^jEtf:s:-:>x\^^^o 

[0 0 5 51 ^mmmms} mm'::^:^vm^m^m\^^fc 

T. ?*atiJKAtc:^j^tt5mj5f£(i^;/:?/h$ < Lfc;^-;^^^ 

v\ ±^Eco (3) - (6) ^im<Di^mi^mn^t&m^ 

;6^ibgSix5^m^Sop^T-5*ai4fl^A{;iiJf£tL^mffi (^^ 

[0 0 5 61 3*fl^ttlKA (4 nm) /R u (0. 6 n 

m) y^mi^mS (3. 5nm) /Cu (2. 3 n m) 
/NiFe (7nm) /cC^tg^J^r*. ±ff CO«^fL^C*^-r 
^. 3i^K^4^B (3. 5 nm) /Cu/N i F e (7 n 

m) e^i^En^®«EC^W:^5>»EJt<^^^-r^i:. 5>SfLM: 

l^±l^'^(Otti:biCi:tm't^o (3) - (6) ^ffi^<7)^ 
^3*®tt^A5:U^5*att^B(cffllNfc:^^. ^^gfcitfi*^ 

0. 7 tta^o :i^xmm^mA(o^i&m.^m^ii3 fi 

Qm<!r/c^oTt>5i'»<ti:t{^ 0. 8 5 tc/^ 19 . ir 
*^)2 0%ig;^^5. 
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±'r^:fj&ti.xn. 5t (3) - (6) x-mm^n^'^ 

^(CNb, Zr, Ti, Hf, T a , W, M o , V, C 

[0 0 5 81 ^fc. mm'7:j^vm-^m<D^mi^m(oitm. 10 

Ui:mcm±ir^:^mtl.Xi^. S: (3) - (6) XM 

itm. i^>^/^mitm. ^^i^mtm. ^^y::^^j>^m\:. 
* fc vt^fi)^±<Dmm(Dmm ^mw\.xnhfi^mm 

Omo 1 %U&(DmMX):tm.^^ 2 (/i Qm) Ul^^X 

i^t<'r^^t^)^x^^ '^>^(Dmti\^±.f)^x% 

tt^PffiLfCo 't<Dmm^. (A) mmXTa 5/Co 
FeX/RuO. 6/CoFe (X-0. 5)/Cu 
2. 3/Col. 0/NiFe5/Ta3 (nm) . 
(B) a«/C o F e X/R u 0. 6/CoFe (X- 
0. 5)/Cu2. 3/C o 1/N i F e 5/T a 3 
(nm) Tfc^?. C oF eCOmm^mit^^fc^ 
[0 0 6 01 r:n-Tr. C o F eK<^F em^tlF e 1 4 
a t%T% mUCoX:k>^o K^^tT^f^^tiRF-^^^^ h 30 

[0 0 6 11 m6{c^ m^mm<D:^ b->'yv^yiK<^i^ 
n.m.t7imt^mm^H6c^mmci.x^i-^ m^(Dm 
^ffi^^^bj^'^-r-:^-/^-:/ (M'^mneo oe) o 
S«T*fc^o TaT*fe*W'r^;^t'':/^vuy-e(:i, x = 

3 nm-C3 2 O k A/m<^^#SrB3JD LT t> W^yV 
y'<Dmm.nm^^itl^t^\^^:^K 3 6 0 k A/mO^^b^ 

[0 0 6 21 roffigt'Sfkoi^'Xi. 3SlK#8i*li^»c:@ 

^S^^^KIS (multipledomains) 

X^S4nm. 5nm. 7 n m < ^ 2 4 0 k A 

/m, 2 00kA/m, 1 3 6 k A/m t Lrl^ 

[0 0 6 31 m? {a^m'^m(o^m^mAt^mi^mB 

tt^r^f^^ X=3 nmT-JiHex= 3 3 6 k A/m, X 50 
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= 4 nm-C{:iHex= 2 3 2 k A/m, X=5nm-CtiH 
ex= 1 6 0 k A/m, X = 7 n mT{i:Hex= 1 2 8 k A 

^#Sr>^#<i-5(-{^. 5iaj4^A<J:?S^tt)^B(Dr0l(7) 

(0. 4-0. 5nm) -r-5:*rft^. ^^ttJSA, BSr 

[0 0 6 41 TaTite<^^<^V^@^^S:gfeiicoTmiJ{cM 
v^yb^fc•>'^^/^:/ (B) -eft. I116;i)-b:^>;i^6 J: 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] It is related with the magnetic-reluctance (MR) sensor based on the 
magnetic-reluctance (MR) effect type head based on the spin bulb effect, the magnetic recorder and reproducing 
device using this head, and the spin bulb effect 
[0002] 

[Description of the Prior Art] recent years — a magnetic recording medium — densification — following — 

reproduction — ** — a sensor — **** — different — the direction like — the magnetoresrstance effect — 

having used — magnetic reluctance — ( — MR — ) — a sensor — fi^om — huge — magnetic reluctance (GMR) — 
an effect — having applied — spin — a bulb — type — magnetic reluctance — a sensor — shifting — while . The 
spin bulb sensor is indicated by the U.S. JP,5159513,B specification. 

[0003] The essential feature of a spin bulb type magnetic-reluctance sensor The ferromagnetic layer called fixed 
bed (Pinned layer) and the ferromagnetic soft-magnetism layer called free layer (Free layer). The conductive layer 
which adjoined twoHayer [ these ] directly and was inserted into it, and the switched connection layer which 
contacts the fixed bed directly with basic composition (namely, multilayer composition of the turn of a free layer, a 
conductive layer, the fixed bed, and a switched connection layer) It has a vertical bias layer for impressing the 
vertical bias magnetic field for suppressing the electrode which leads current to these layers, and the noise resulting 
from the heterogeneity of the free layer magnetization called Barkhausen noise (Barkhausen Noise). This sensor is 
formed in the minute space (it is called a magnetic gap) across which it usually faces with two ferromagnetics called 
magnetic shielding, and reproduces the magnetization signal of a record medium by the high resolution. 
[0004] Magnetization is being fixed to the record-medium confrontation side and the perpendicular direction, and the 
fixed bed does not change the magnetization direction easily to an external magnetic field. Free layer magnetization 
produces magnetic-reluctance change by producing change on the square which fixed-bed magnetization and free 
layer magnetization make in order to change the sense according to the magnetic field from a record medium. The 
principle of operation of a spin bulb type head reproduces this resistance change as a signal. 
[0005] Antiferromagnetism material is usually used for a switched connection layer, and it is required as an 
antiferromagnetism material for the switched connection magnetic field given to the fixed bed by the operational 
temperature range of a sensor to be large enough. As an antiferromagnetism material known until now, although 
there are nickel oxide (NiO), an iron-manganese alloy (FeMn), a nickel manganese alloy (NiMn), etc., since nickel 
oxide and the iron-manganese alloy have the temperature (blocking temperature) of the same grade as the sensor 
temperature at the time of operation of a magnetic recording medium to which switched connection disappears, they 
do not bear practical use. Moreover, although a nickel manganese alloy is [ a switched connection property ] equal to 
practical use enough, in order to acquire this property. 240-degree more than Centigrade needs hot and prolonged to 
be heat-treated, diffusion of the other materials to a free layer arises between this heat treatment, and 
disadvantageous profit that the magnetoresistance effect decreases is produced. 

[0006] As shown in the U.S. JP,5583752,B specification under such a demand, the spin bulb structure of a type 
where switched connection layers, such as above-mentioned nickel oxide, are not made to adjoin the fixed bed is 
proposed using two ferromagnetics (it is hereafter called laminating ferry type structure) combined in [ it is strong 
and ] antiferromagnetism on both sides of the film of Ru as the fixed bed. In the example in this specification, using 
Co as two ferromagnetics, after carrying out the laminating of all the films, determining the magnetization direction of 
the fixed bed is mentioned. 

[0007] Moreover, the examination result of the laminating ferry fixed-bed spin bulb which used Cr for the ground and 
adopted Ru as an antiferromagnetism joint film, using Co as a ferromagnetic is a journal. OBUA pride FIJIKUSU It is 
reported to pp 3720-3723 of volume 83. 
[0008] 

[Problem(s) to be Solved by the Invention] However, when ferromagnetic Co film of a simple substance is used 
according to examination of this invention persons, the magnetization easy direction was set as the medium 
confrontation side and the perpendicular direction, and it turns out that it is difficult to fix magnetization. Since it 
being hard to give the induced magnetic anisotropy by the magnetic field since Co film's is a film of a single element, 
and the saturation magnetostriction constant of Co film are not suitable values, the reason is because the magnetic 
anisotropy by the magnetoelastic effect is not given to a medium confrontation side and a perpendicular direction. 
Moreover, although opting for magnetization of the fixed bed is describing by the well-known example after carrying 
out the laminating of all the films, if the magnetic field which saturates the fixed bed tends to be impressed and it is 
going to arrange magnetization, after carrying out the laminating of all the films, in case a magnetic field will be 
removed, the fixed bed forms magnetic-domain structure, contrary to the purpose, the homogeneity of magnetization 
gets worse and spin bulb ****** is degraded. 

[0009] Moreover, Cr is used for a ground, and using Co as a ferromagnetic, by the laminating ferry type fixed-bed 
spin bulb which adopted Ru as an antiferromagnetism joint film, since the coercive force of a free layer is as large as 
about 50 oersteds, it is thought that it is not suitable for practical use. Since Co on Cr ground is close to hep 
structure, this is considered for the magnetic field which a magnetic pole produces in a film surface since the crystal 
magnetic anisotropy varies at random in a field greatly, and is produced from these magnetic poles to have a bad 
influence on the magnetization course of a free layer. 
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[0010] The purpose of this invention is offering the technology of. arranging with ** magnetization of the fixed bed of 
the spin bulb type sensor which has the laminating ferry type fixed bed without a switched connection layer, or the 
magnetic head on the other hand, and realizing a high increase in power. 
[0011] 

[Means for Solving the Problem] In order to solve the aforementioned technical problem, this invention mainly adopts 
the following composition. 

[0012] The 1st ferromagnetic layer which is comparatively easy to answer to a magnetic field, and the 2nd 
ferromagnetic layer which cannot answer comparatively easily to a magnetic field, In the ma gnetore si stance-effect 
type head based on the spin bulb effect of having a conductive nonmagnetic spacer layer between the ferromagnetic 
layer of the above 1st. and the ferromagnetic layer of the above 2nd the ferromagnetic layer of the above 2nd The 
ferromagnetic A of two sheets by which antiferromagnetism combination was carried out mutually and Ferromagnetic 
B, and the antiferromagnetism joint film which separates the ferromagnetics A and B of the two aforementioned 
sheets. The magnetoresistance-effect type head whose saturation magnetostriction constant of the aforementioned 
ferromagnetic A and Ferromagnetic B shell composition is carried out, the indue ed-magnetic-anisotropy constant of 
the aforementioned ferromagnetic A and Ferromagnetic B is more than 2x103 (J/m3). and is a positive value. 
[0013] Moreover, the 1st ferromagnetic layer which is comparatively easy to answer to a magnetic field and the 2nd 
ferromagnetic layer which cannot answer comparatively easily to a magnetic field. In the magnetoresistance-effect 
type head based on the spin bulb effect of having a conductive nonmagnetic spacer layer between the ferromagnetic 
layer of the above 1 st. and the ferromagnetic layer of the above 2nd the ferromagnetic layer of the above 2nd Shell 
composition is carried out with the ferromagnetic A of two sheets by which antiferromagnetism combination was 
carried out mutually and Ferromagnetic B, and the antiferromagnetism joint film which separates the ferromagnetics 
A and B of the two aforementioned sheets, and composition of the aforementioned ferromagnetic A and 
Ferromagnetic B is Co100-Y-ZFeYNiZ. (at%) 

Y>=5Z<=20 Y+Z<=70 it is — magnetoresistance-effect type head characterized by things 
[0014] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained in detail using a 
drawing. 

[0015] Although the "operation gestalt 1" this invention is widely applicable in order to detect an external magnetic 
field, information is to be especially useful as a read-out head for information record and an ejection system (as a 
sensor), and to be recorded as an array of the magnetic domain on a magnetic medium there. As a magnetic medium, 
what kind of thing may be used, for example, there are a magnetic tape, a magnetic drum, one or more hard disks, 
one, or one or more floppy disks. Usually, a magnetic domain accompanies a truck, is arranged and has the thing of 
the shape of a circle and a whori, a swiri, or unfixed length as composition of a truck. 

[0016] An example of typical information record and ejection equipment is shown in drawing 1 . A general-purpose 
computer 1 receives input through the input unit 2 with one or two or more interfaces between the things of a 
network, a keyboard, a scanner, or these. In addition to connection with one or two or more input units, a computer 
can be outputted to one or two or more output units. The network and printer which are connected with a computer 
through an interface as this output unit, display, or a modem can be considered. In addition to other recording 
devices relevant to a computer 1. a computer writes information in the magnetic recording medium 4 which is a 
peripheral device, or reads information from a magnetic recording medium. The magnetic recording medium contains 
the internal equipment of a degree. 

[0017] (1) Control unit 5 : an information signal is written in. It outputs to a head 7, information is inputted from the 
read-out head 8, and the I/O section 6 of the data for receiving the feedback signal from a head is included further. 
[0018] (2) Head position control section 9 : output a head position control signal and input a head position detecting 
signal. 

[0019] (3) Motor-control section 10 : output a roll control signal to the motor 1 1 made to rotate the magnetic one or 
more disk type medium 1 3 by the shaft 1 2 in the case of this operation gestalt by controlling operation of the speed 
about relative movement to the head of a magnetic medium, a halt, a start, etc. The transducer which became 
independent respectively and which writes in. reads with a head 7 and has a head 8 usually moves to radial [ of a 
disk ] using the connection arm 1 4 and a voice coil motor (VCM) 1 5 so that it may contact whether it melts disk 1 3, 
or few gaps may be maintained and a it top may be risen to surface. 

[0020] As mentioned above, the data recorder shown in drawing 1 is typical strictly, operation of the equipment 
shown in drawing 1 — obvious — it is — a sake — here — the detail — not explaining . this invention has the 
feature in the composition of the read-out head 8 of drawing 1 . It reads to drawing 2 and the concrete structure of 
a head 8 is shown. According to drawing 1 and drawing 2 , having the movement direction 14 of a relative record 
medium is shown to the read-out head 8 by which some magnetic media 1 3 run relatively along with the Z-axis. In 
order that VCM 15 may be read relatively and may access the truck of a head and a magnetic domain, while moving 
along with the X-axis, the truck of a magnetic domain usually moves along with the Z-axis which adjoined the 
read-out head. The magnetic substance 13 has two or more magnetic domains along the truck of Z shaft 
orientations, and the magnetic field h changes along with the Y-axis of a read-out head, when VCM 15 moves 
relatively along with the Z-axis. Moreover, change of this magnetic field is read. 

[0021] Although it reads with the write-in head 7, a head 8 consists of two or more layers and a part of the 
composition is shown in drawing 2 , some some layers are not illustrated from the former, such as a binder course 
and a passivation layer. After preparing the substrate 1 6 first in the manufacturing process and making a shield 1 7 
deposit on it next, read on it further, grow up a sensor 18, finally read the electrode 19 for read-out current inputs, 
the electrode 20 for current outputs is made to deposit on it, it reads as one, and a head is formed. 
[0022] Furthennore, an up shield or the lower core 21 (the lower core is making up magnetic shielding serve a double 
purpose) is made to deposit, next, a coil 22 is made to deposit and the up magnetic core 24 is formed on it. For 
example, it is more desirable to form the dielectric layer 23 which consists of an alumina between the sensor film 18 
and the lower shield 17 and between the sensor film 18 and an up shield. The permanent magnet films 31 and 32 
which give a vertical bias magnetic field are arranged at both the sides of the spin bulb film 18 which is a read-out 
sensor film. 

[0023] What deposited the film of a dielectric on ceramics or ceramics can be used for a substrate 1 6. Co basis 
amorphous materials which show a permalloy, a Sendust. and a soft magnetism, or a ferromagnetic material of the 
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microcrystal system which shows a soft magnetism can be used for the upper part and the lower magnetic shielding 
21 and 17. 

[0024] Generally the structure shown in drawing 2 adopted with this operation gestalt is a known thing, and the 
operation gestalt of this invention is related with the composition and its formation method of the read-out sensor 
18. Here, a read-out head is the composition that it was suitable in delivering and receiving the information on a 
magnetic medium, and a read-out sensor is the composition of having been suitable for detecting the magnetic field 
of not only the information from a magnetic medium but the exterior. 

[0025] Although the concrete composition of the read-out sensor applied to the operation gestalt of this invention 
at drawing 8 is shown and the detail is later mentioned with "the operation gestalt 4" When it explains with 
reference to the composition of drawing 8 , the spin bulb film 18 The 1st ferromagnetic layer which is comparatively 
easy to answer to a magnetic field (hereafter, it is called a free layer, for example, is equivalent to the Co film 44 and 
the permalloy film 45), It has a conductive nonmagnetic spacer layer (for example, it is equivalent to the Cu film 43) 
between the 2nd ferromagnetic layer (hereafter, it is called the fixed bed and is equivalent to the laminating ferry 
fixed bed 50) which cannot answer comparatively easily to a magnetic field, and these. 

[0026] With this operation gestalt, the composition as which the laminating ferry type fixed bed 50 which used the 
antiferromagnetism joint film (for example, it is equivalent to the Ru film 53) between two ferromagnetics (for 
example, it is equivalent to a ferromagnetic A52 and a ferromagnetic B54) and these ferromagnetics (52 and 54) 
functions on the fixed bed 50 as a spin bulb type read-out head for using for a magnetic recording medium is given. 
[0027] The anisotropy field of two ferromagnetics which constitute this influences the stability of magnetization of 
the laminating ferry type fixed bed 50. In order to calculate the suitable value of an anisotropy field, the 
magnetic-reluctance curve of the spin bulb film {ferromagnetic A (4.0nm) / Ru (0.6nm) / ferromagnetic B(3.5nm)/Cu 
/ fi^ee layer (7.0nm)} which made the thickness difference of two ferromagnetics of the laminating ferry type fixed 
bed 50 the sufficiently controllable limited value (0.5nm) was calculated by having changed the anisotropy field of 
Ferromagnetic A and Ferromagnetic B. 

[0028] Here, each ferromagnetic presupposed that simultaneous rotation (coherent rotation) is carried out, 
respectively, and set the saturation magnetization of a free layer. Ferromagnetic A, and Ferromagnetic B to 1.00 (T), 
1.71 (T). and 1.71 (T) as a typical value of a spin bulb sensor film, respectively. 

[0029] Moreover, it is the switched connection energy between Jex=-1.12x10-3 J/m2 (switched connection 
magnetic field Hex**192 kA/m), and a free layer and Ferromagnetic B in the anisotropy field of a free layer as a 
typical value of a spin bulb sensor film about the switched connection energy between 400 (A/m), and Ferromagnetic 
A and Ferromagnetic B Jint=7.2x10-6 J/m2 (referred to as joint magnetic field Hint=1040 (A/m) between layers.) 
Moreover, each ferromagnetic presupposed that the uniaxial magnetic anisotropy which has an easy shaft in the one 
direction (direction which intersects perpendicularly with a record-medium confrontation side) is provided. The 
permalloy is assumed in the free layer and the charge of Co base material is assumed to two ferromagnetics here. 
[0030] The calculated magnetic-reluctance curves are the minor loop of maximum magnetic field 4.8 kA/m (value 
which carries out an abbreviation equivalent to the strength of the average on the sensor film 18 of the magnetic 
field from the magnetic medium by which Information was recorded) at the time of impressing a magnetic field to the 
easy shaft of the fixed bed, and the major loop of maximum magnetic field 80 kA/m (value which carries out an 
abbreviation equivalent to the maximum in the medium opposed face of the sensor film 18 of the magnetic field from 
the magnetic medium by which information was recorded). 

[0031] A calculation result is shown in drawing 3 . Hk of drawing 3 is the size of each anisotropy field of 
Ferromagnetics A and B, and is a value equivalent to anisotropy-constant 2x103 J/m3 which the 3rd step of 
anisotropy-field 2.4 kA/m of drawing 3 mentions later. Moreover, minor^loop 4.8 kA/m includes the magnetic field 
strength from a magnetic medium, and major loop 80 kA/m includes the maximum in the medium opposed face of the 
sensor film 1 8 of the magnetic field fi^om a record medium. 

[0032] It is 800 (A/m), and change is not looked at by the minor loop and the anisotropy field Hk of the independent 
film of Ferromagnetics A and B does not function as a sensor which detects a minute magnetic field, when smaller 
than the layer joint magnetic field Hint 1040. 

[0033] The independent anisotropy field Hk of Ferromagnetics A and B is 1.6 (kA/m). and when larger than the layer 
joint magnetic field Hintl040 (A/m). a steep change has arisen in the minor loop and it functions as a sensor (for 
example, magnetic head which detects the information on a magnetic medium) which detects a minute magnetic field. 
Moreover, by the msyor loop, a steep resistance change is produced in the about 32 (kA/m) neighborhood, and the 
flux reversal of the laminating ferry fixed bed has happened by this external magnetic field. Since the magnetic field 
of a maximum of 40 (kA/m) grade is added by the sensor surfacing side side, a magnetic recording medium is not 
enough as the stability of the fixed bed as a sensor film for magnetic recording media (magnetic head) in fixed-bed 
magnetization being reversed by the magnetic field of 32 kA/m. 

[0034] When the Independent anisotropy field Hk of Ferromagnetics A and B Is as large as 2.4 (kA/m) (magnetic field 
equivalent to the anisotropy constant 2x103 (J/m3) mentioned later), magnetization change of the laminating ferry 
fixed bed which a steep change arises in a minor loop, and is seen by the major loop Is as large as 48 (kA/m), and 
also to a big external magnetic field, the fixed bed Is stable and It has function sufficient as a sensor film of a 
magnetic recording medium. 

[0035] Furthermore, when the Independent anisotropy field Hk of Ferromagnetics A and B is as large as 8 (kA/m). a 
steep change arises in a minor loop, and change is not accepted in a major loop other than resistance change of the 
shape of a step in a minute magnetic field, and laminating ferry fixed-bed magnetization is not reversed by the 
magnetic field below 80 (kA/m), either. Therefore, it has function sufficient as a sensor film of a magnetic recording 
medium. 

[0036] Although the above result makes the same the Independent anisotropy field of both the ferromagnetics of the 
laminating ferry fixed bed. when the anisotropy fields of both ferromagnetics generally differ, in order to function as a 
minute magnetic field sensor, it is necessary to satisfy the next relation. 
[0037] 

MsfHinttf<Ms1Hk1t1+Ms2Hk2t2 .... (1) 

Here Msf, Msl, and.Ms2 are the saturation magnetization of a free layer, Ferromagnetic A, and Ferromagnetic B. 
respectively. Hint, and Hkl and Hk2 are anisotropy fields with respectively independent a free layer. Ferromagnetic 
A. and Ferromagnetic B, and tf, t1 . and t2 are the thickness of a free layer, Ferromagnetic A. and Ferromagnetic B. 
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respectively. 

[0038] moreover — general — the laminating ferry fixed bed — the maximum magnetic field from a record medium 

— receiving — being stable — it is necessary to satisfy the next relation 

[0039] 

40(kA/m) <(Ms1Hkltl+Ms2Hk2t2)/|Ms1t1~Ms2t2| .... (2) 

Therefore, the direction [ it is large ] has [ the difference of the magnetic moment of both ferromagnetics ] the 
smaller one good [ the independent anrsotropy field of each ferromagnetic of the laminating ferry fixed bed ]. 
[0040] As an element which determines the magnetic-anisotropy magnetic field of a ferromagnetic, there are a 
crystal magnetic anisotropy, an induced magnetic anisotropy, and a magnetoelastic effect (Magnetoelastic Effect). A 
crystal magnetic anisotropy Is [ among these ] difficult for arranging an anisotropy with one shaft by the film which 
has the crystal which carried out orientation at random [ a polycrystal ]. moreover, the thing for which an atomic 
local array produces an induced magnetic anisotropy towards the magnetization at the time of membrane formation 
or heat treatment — it can obtain and a uniaxial magnetic anisotropy is given Furthermore, a magnetoelastic effect 
is decided by the different direction-stress and the saturation magnetostriction constant of the magnetic substance 
which join the magnetic substance, and gives a uniaxial magnetic anisotropy under existence of optically uniaxial 
different direction-stress. 

[0041] Since a sensor film is polycrystal which turns to a random direction within a film surface, the thing magnetic 
anisotropies in which control on a process is possible are an induced magnetic anisotropy and an anisotropy by the 
magnetoelastic effect. Then, with this operation gestalt, the crystal magnetic anisotropy of a ferromagnetic with 
difficult control is made as small as possible, and an anisotropy field is controlled by the induced magnetic anisotropy 
and the anisotropy by the magnetoelastic effect. 

[0042] It has an alumina film used as the base on the substrate of an alumina-titanium carbide. It has the magnetic 
gap inserted with two ferromagnetics called magnetic shielding on it The spin bulb sensor of composition of 
consisting of ferromagnetic A (2-5nm) / Ru (0.6nm) / fe rr oma gneti c D(2 - 5n m )/Cu / a fr ee l aye r (1 — lO n m) In a 
magnetic gap is included. In the magnetic head which has a recording head element on magnetic shielding, the 
optically uniaxial stress of hauling joins a spin bulb sensor film at a record-medium confrontation side and a 
perpendicular direction. Since magnetization should be fixed in the direction in which a record-medium confrontation 
side and magnetization of the fixed bed cross at right angles, you should just carry out the saturation 
magnetostriction constant of a ferromagnetic. 

[0043] In order to make a crystal magnetic anisotropy small, the structure Is made into face-centered cubic (fee) 
structure or body center cubic (bcc) structure by using a ferromagnetic as Co alloy film, and using a suitable ground 
film. Let the crystal structure be a face centered cubic structure or a body centered cubic structure because the 
symmetric property to the crystal magnetic anisotropy is small. The concrete example about the element and ground 
film for alloying is mentioned later. 

[0044] Moreover, control of an induced magnetic anisotropy adds Fe, nickel, etc. to Co, and can realize an induced 
magnetic anisotropy by things greatly by atomic pair ordering. If a ferromagnetic Is constituted from a Co 
independent, an induced magnetic anisotropy cannot be enlarged, but an induced magnetic anisotropy can be 
enlarged by adding Fe and nickel to Co. 

[0045] Moreover, control of a magnetoelastic effect is realizable by adding Fe, nickel, etc. to control of alloy 
composition of a ferromagnetic, i.e., Co. 

[0046] As a spin bulb film which used Co for the ferromagnetic of the "operation gestalt 2" laminating ferry fixed bed 
About the composition and thickness, glass-substrate / CoX/Ru0.6/Co(X-0.5)/Cu2.3/Co1/NiFe5/Ta3 (nm). the 
(former). And a total of eight kinds of films were created [ the glass-substrate / Ta5// 

/CoX/Ru0.6/Co(X-0.5)/Cu2.3/Co1/ NiFe5/Ta3 (nm) (latter) film ] for Thickness X as 3. 4. 5. and 7. At the time of 
Co membrane formation, the magnetic field was impressed in the one direction. 

[0047] The example of a magnetic-reluctance curve is indicated to be (C) of drawing 4 to (D). These are the 
magnetic-reluctance curves of the composition of the former in X= 4 (nothing [ ground ]). and the latter (Ta ground). 
The magnetic field at the time of measurement was made into the same direction as the magnetic field impressed at 
the time of membrane formation. 

[0048] Resistance change of the shape of a step near a zero magnetic field with the big curve of (C) and (D) is not 
accepted, and is not desirable as a magnetic-reluctance sensor. When Co thickness X is set to 3, 5, and 7. similarly, 
a desirable magnetic-reluctance change is not accepted but it is difficult for a pure Co film to use as a 
ferromagnetic of the laminating ferry fixed bed This cause is because a pure Co film's having a small induced 
magnetic anisotropy for a single element and the magnetostriction constant are not suitable. 

[0049] Then, in order to make it generated In the direction of an impression magnetic field at the time of membrane 
formation, a suitable induced magnetic anisotropy moreover, the spin bulb film (glass-substrate / 
CoX/Ru0.6/Co(X-0.5)/Cu2.3/Co1/NiFe5/Ta ~ 3 nm (X= 3, 4, 5. 7)) which used the ferromagnetic of the laminating 
ferry fixed bed as the CoFe alloy in order to make a magnetostriction constant positive And the glass-substrate / 
Ta5/CoX/Ru0.6/Co(X-0.5)/Cu2.3/Co1/NiFe5/Ta3nm film (X= 3, 4, 5, 7) was created, and the magnetic-reluctance 
curve was measured. On the other hand, the magnetic field was impressed to ** as similarly at the time of 
membrane formation as the point, and the magnetic field was impressed in the direction at the time of measurement. 

[0050] As a result, an example is indicated to be (A) of drawing 4 to (B). (A) is glass-substrate / 
Ta5/CoFe4/Ru0.6/CoFe3.5/Cu2.3/Col/NiFe5.0/Ta3 (nm). and (B of film composition) is glass-substrate / 
CoFe4/Ru0.6/CoFe3.5/Cu2.3/Co1/NiFe5.0/Ta3nm. The remainder of composition of a CoFe film is Co at Fe10at% 
here. The magnetic-reluctance curve is changing on a step by the small magnetic field near a zero magnetic field, 
and shows a performance desirable as a magnetic-reluctance sensor. Near the zero magnetic field shows resistance 
change on the step similarly by the spin bulb film by which the CoFe thickness of X= 3, and 5 and 7 differs, and it is 
desirable as a magnetic-reluctance sensor. 

[0051] Although the thickness dependency of the coercive force of the direction of an easy axis of Co and CoFe of 
Fe14at% composition is shown in drawing 5 , and coercive force is about 1.6 (kA/m) in Co. coercive force is as large 
as 4 to 4.8 (kA/m) in CoFe. By adding Fe. change of such coercive force is because induced-anisotropy energy 
increased, and the increase in the magnetic anisotropy by Fe addition stabilized fixed-bed magnetization, and it has 
given the desirable property as a magnetic-reluctance sensor. Although the example of 1 4at%Fe composition was 
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shown here, the induced-magnetic-anisotropy constant which increases Fe composition further increases, and takes 
the maximum near Co-Fe50wt%. 

[0052] Therefore, it is still more effective to increase Fe composition further. Moreover, although anisotropy energy 
falls, since, as for addition of nickel, it has the effect which makes distribution of an anisotropy small and makes a 
skew small, laminating ferry fixed-bed magnetization is made uniform, and a certain amount of addition has the work 
which enlarges the magnetoresistance effect. 

[0053] As a result of changing variously composition of the ferromagnetic which constitutes the fixed bed for the 
spin bulb which has the laminating ferry fixed bed, it turns out that it is desirable to satisfy the following composition. 

[0054] 

Co100-Y-ZFeYNi2 (at%) (3) 
Y>=5 (4) 
Z<=20 (5) 
Y+Z<=70 (6) 

Moreover, it has the effect which increases the coercive force of a ferromagnetic by adding a kind of Pt, Pd. Ir. Rh. 
Ru, Au, Ag, and the Cu(sX or more than it into these alloys. Increase of coercive force is also effective in increasing 
the stability over the external magnetic field of the laminating ferry fixed bed. In this composition, it is more than 
2x103 (J/m3) about the anisotropy constant by the induced magnetic anisotropy, and has become positive about the 
saturation magnetostnction constant. 

[0055] The ferromagnetic A of the direction which does not touch Cu among the ferromagnetics of the fixed bed of 
the spin bulb sensor film using the "operation gestalt 3" laminating ferry fixed bed does not contribute to 
magnetic-reluctance change. Therefore, the current which flows this is shunt current which does not influence 
magnetic-reluctance change, and decreases magnetic-reluctance change. Therefore, it is better to make small the 
current which flows to Ferromagnetic A as much as possible. The ferromagnetic of above-mentioned (3) ^ (6) - 
formula composition has specific resistance as small as about 0.3 microomegam, and its shunt current is large. The 
magnetoresistance effect will become small if the current (it is uninfluential in magnetic-reluctance change current) 
which flows to Ferromagnetic A among all the current that flows from an electrode is large. 

[0056] ferromagnetic A(4nm)/Ru (0.6nm) / ferromagnetic B(3.5nm)/Cu(2.3nm)/NiFe (7nm) — if the ratio of current 
to the whole current which flows a ferromagnetic B(3.5nm)/Cu/NiFe (7nm) layer is defined as a diverging ratio by 
the composition film, a diverging ratio is proportional to the output of a sensor (3) A diverging ratio is set to about 
0.7 when the film of -(6) formula composition is used for Ferromagnetic A and Ferromagnetic B. If specific resistance 
of Fen-omagnetic A is enlarged with 3microomegam here, a diverging ratio will be set to about 0.9 and the output of a 
sensor will increase about 30%. Even if the specific resistance of Ferromagnetic A serves as 2microomegam, a 
diverging ratio is set to 0.85, and a sensor output increases about 20%. 

[0057] the alloy specified by forrnula (3) - (6) as a method of increasing the specific resistance of the ferromagnetic 
of the laminating ferry fixed bed — Nb, Zr, Ti, Hf, Ta. W, Mo, V, Cr, and aluminum — ** — it is adding an inner kind 
or more than it A diverging ratio becomes large by this and a sensor output increases as a result The work of these 
elements which makes structure of material amorphous is also strong, and since specific resistance of an amorphous 
substance is large, it is also effective to use amorphous materials as a ferromagnetic of the fixed bed. 
[0058] Moreover, as a method of increasing further the specific resistance of the ferromagnetic of the laminating 
ferry fixed bed, the ferromagnetic which adds a kind of an aluminum oxide, a zirconic-acid ghost, a tantalic-acid 
ghost, a titanic-acid ghost, a hafnium oxide, a niobic-acid ghost, a chromic-acid ghost, a tungstic-acid ghost, a 
molybdenum oxide, and the banazin-san ghosts or the oxide of the kind beyond it into the alloy specified by formula 
(3) - (6), and is obtained can be used. Addition of these oxides can enlarge specific resistance up to two 
(microomegam) grade by addition of an about [ 1 0mol% ]. and can perform improvement in an output of a sensor. 
[0059] The laminating ferry fixed-bed spin bulb of composition of being shown below on the substrate which formed 
the alumina film on "operation gestalt 4" glass was created, and the stability over the external magnetic field of the 
fixed bed was evaluated. The composition is (A) substrate / 
Ta5/CoFeX/Ru0.6/CoFe(X-0.5)/Cu2.3/Col.0/NiFe5/Ta3(nm) (8) substrate / 
CoFeX/Ru0.6/CoFe(X-0.5)/Cu2.3/Col/NiFe5/Ta3 (nm), and changed the thickness of CoFe. 
[0060] Here, Fe composition of a CoFe film is Fe14at%, and is Remainder Co. RF magnetron sputtering performed 
creation of a sample. In fixed-bed magnetization and the rectangular direction, the magnetic field was impressed and 
this spin bulb fixed-bed stability was investigated. 

[0061] Magnetic-reluctance change of the spin bulb film after magnetic field impression is set to drawing 6 , a 
horizontal axis Is set as the impression magnetic field Hdc, and it is shown. Magnetic-reluctance change of a vertical 
axis is as a result of a minor loop (measurement magnetic field 60 Oe). Although the magnetic reluctance of a spin 
bulb does not change by the spin bulb which has Ta ground even If it impresses the magnetic field of 320 kA/m by 
X= 3nm, if magnetization of 360 kA/m is impressed, resistance change of the magnetic-reluctance curve of a spin 
bulb will decrease to 50%, and a sensor film will receive an injury. 

[0062] Reduction of this resistance change is for the fixed bed to change to multi-magnetic-domain 
(multipledomains) structure after strong magnetic field impression. The magnetic field in which a sensor receives an 
injury decreases with 240 kA/m, 200 kA/m, and 1 36 kA/m, if X becomes large with 4nm, 5nm, and 7nm. 
[0063] Although the CoFe thickness dependency of the antiferromagnetlsm-switched connection magnetic field Hex 
between the ferromagnetic A of the fixed bed and Ferromagnetic B is shown in drawing 7 , in X= 3nm, it Is [ at 
Hex=336 kA/m and X= 4nm / In Hex=232 kA/m and X= 5nm ] Hex=128 kA/m in Hex=160 kA/m and X= 7nm. When 
this value is almost the same as the magnetic field which receives the Injury on above-mentioned and the external 
magnetic field exceeding a switched connection magnetic field is impressed, it turns out that a sensor film receives 
an injury. In order to enlarge the magnetic field which receives an injury, it Is desirable to enlarge the switched 
connection magnetic field between Ferromagnetic A and Ferromagnetic B. As a method of enlarging a switched 
connection magnetic field further, there are a method of optimizing Ru thickness (0.4-0.5nm) and the method of 
making Ferromagnetics A and B thin. 

[0064] By the spin bulb (B) put on the free layer bottom, the fixed bed without Ta ground The magnetic field which 
receives an injury so that drawing 6 may show By X= 4nm, if compared by Hex=280 kA/m and X= 5nm at the same 
thickness as a result in case it is Hex=160 kA/m and there is a Ta ground by Hex=224 kA/m and X= 7nm Compared 
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with the case where Ta ground has a direction in case there is no Ta ground, the magnetic field which receives an 
injury is large. This is because the switched connection magnetic field Hex is large compared with the case where Ta 
ground has a direction in case there is no Ta ground, as drawinE 7 shows. 

[0065] The composition of a desirable sensor is shown in drawing 8 . Although a sensor is formed in the space where 
the sensor film was inserted into two magnetic shielding, drawing 8 has omitted and described magnetic shielding. 
With this operation gestalt. the ground film Ta film 42 is formed on the insulator layer 41 formed between magnetic 
shielding. As this film, two or more sorts of alloy films can also be used for others in [ these ] Ti, Hf. Zr, W. V, Nb, Ru, 
Os, and Ir films. Moreover, this film is also omissible. If these films are used, there is an effect which enlarges the 
induced magnetic anisotropy of Ferromagnetics A and B, and the magnetoresistance effect can be enlarged, without 
spoiling the performance of the laminating ferry fixed bed. 

[0066] Besides, the thickness [ X / Fe composition 14at% of] (nm) CoFe film 52 is formed as a ferromagnetic A. At 
the time of formation, the 1 direction magnetic field is carried out in the direction of y impression 56. and a magnetic 
anisotropy is guided to it. The material stated by "operation gestalt 2" - "the operation gestalt 3" instead of CoFe 
as a material of this film can also be used. Next, the Ru film 53 below thickness 1 (nm) is formed. 
[0067] Next the thickness Y [ Fe composition 10at% of ] (nm) CoFe film 54 is formed as a ferromagnetic 8. Also at 
this time, the 1 direction magnetic field is made to be the same as that of the time of forming 52 In the direction of y 
Impression 57. The material stated by "operation gestalt 2" - "the operation gestalt 3" instead of CoFe as a 
material of this film can also be used. The laminating ferry fixed bed 50 consists of a ferromagnetic A52. an Ru film 
53, and a ferromagnetic 854. 

[0068] Next the Cu film 43 of 2.0-3.5nm of thickness Is formed. Au and Ag can also be used Instead of Cu as a 
material of this film. 

[0069] Next the Co film 44 of 2.0nm or less of thickness is formed. CoFe and a CoFeNi alloy film can also be used 
instead of Co as a material of this film. Next the permalloy (Fe composition 10 - 30at% NiFe alloy) film 45 of lOnm or 
less of thickness is formed. Next, the cap layer 46 which consists of Ta of 5nm or less of thickness is formed. 
[0070] As a cap layer 46, material other than Ta, for example, Ru, Pd, Pt, Au, Ag, Cu, Ir, and Rh, and two or more 
sorts of alloys of these can also be used. These films are created for example, by the RF magnetron sputtering 
method in the same vacuum. The ground films 60 and 61 which become both the sides of the spin bulb film which 
consists of these [ 42, 52, 53, 54. 43. 44. 45, and 46 ] from Cr are formed, and the permanent magnet films 62 and 63 
of Co basis are created on it 

[0071] Furthermore, the electrode layers 64 and 65 for leading current to a spin bulb film are formed on it. Here. 
CoCrPt, CoPt, or CoCrTa is used as a permanent magnet film. Moreover, even if there is no ground film, when giving 
sufficient coercive force like Co-Zr02, Cr ground film can also be omitted. A permanent magnet film needs to 
impress and magnetize a magnetic field in the direction of an arrow of 45 after completion of a sensor. 
[0072] Here, if the antiferromagnetism-joint magnetic field of the laminating ferry fixed bed 50 is set to Hex. coercive 
force of a permanent magnet film is set to He and the impression magnetic field of the net which joins an element in 
the case of magnetization Is set to H. a net impression magnetic field needs to satisfy the next relation. 
[0073] 

Hc<H<Hex .... (5) 

Therefore, it is necessary to design Hex sufficiently greatly compared with the coercive force of a permanent 
magnet. Usually, since 80 kA/m ~ 160 kA/m is used as coercive force of a permanent magnet film, as Hex, 200 or 
more kA/m is needed. In order to satisfy this, when using the spin bulb film which has Ta ground for the thickness X 
of Ferromagnetic A in 5.5nm or less when using a spin bulb sensor film without Ta ground, it Is necessary to set 
thickness X of Ferromagnetic A to 4.5nm or less. 

[0074] moreover, when using the same material as Ferromagnetic A and Ferromagnetic B. thickness Y of 
Ferromagnetic B is made thinner than the thickness X of Ferromagnetic A with a thickness difference Inm or less 
— it is desirable This is to rotate that the magnetic field energy of magnetization of Ferromagnetic B should be 
stabilized at the telophase of membrane formation of Ferromagnetic B, and for fixed-bed magnetization to separate 
from the direction of desired, when the ferromagnetic B becomes thick from Ferromagnetic A. 

[0075] The composition of another sensor is shown in "operation gestalt 5" drawing 9 . Although a sensor Is formed 
in the space where the sensor film was inserted into two magnetic shielding, this view has omitted and described 
magnetic shielding. With this operation gestalt the ground film Ta film 72 Is formed on the alumina film 71 formed 
between magnetic shielding. As this film, two or more sorts of alloy films can also be used for others in [ these ] Ti, 
Hf. Zr. W, V. Nb. Ru. Os. and Ir films. Besides, the permalloy (Fe composition 10 - 30at% NiFe alloy) film 75 of lOnm 
or less of thickness is formed. 

[0076] Next the Co film 74 of 2nm or less of thickness is formed. CoFe and a CoFeNi alloy film can also be used 
instead of Co as a material of this film. Next, the Cu film 73 of 2.0-3.5nm of thickness is formed. Au and Ag can also 
be used instead of Cu as a material of this film. Next the thickness [ X / Fe composition 1 4at% of ] (nm) CoFe film 
82 is formed as a ferromagnetic A. At the time of formation, the 1 direction magnetic field is impressed in the 
direction of y, and a magnetic anisotropy is guided. The material stated with "the operation gestalt 2" and the 
"operation gestalt 3" instead of CoFe as a material of this film can also be used. 

[0077] Next the Ru film 83 below thickness 1 (nm) is formed. Next the thickness Y [ Fe composition 14at% of] (nm) 
CoFe film 84 is formed. The 1 direction magnetic field is impressed in the direction of y like the time of forming 82 
also at this time. The material stated with "the operation gestalt 2" and the "operation gestalt 3" instead of CoFe as 
a material of this film can also be used. Next, the cap layer 76 which consists of Ta of 5nm or less of thickness is 
formed As a cap layer, material other than Ta. for example. Ru. Pd. Pt Au. Ag, Cu. Ir. and Rh. and two or more sorts 
of alloys of these can also be used. 

[0078] These films are created for example, by the RF magnetron sputtering method in the same vacuum. The 
ground films 90 and 91 which become both the sides of the spin bulb film which consists of these [ 72. 82. 83. 84. 73, 
74, 75, and 76 ] from Cr are formed, and the permanent magnet films 92 and 93 of Co basis are created on It. 
[0079] Furthermore, the electrode layers 94 and 95 for leading current to a spin bulb film are formed on it. Here. 
CoCrPt CoPt. CoCrTa. etc. are used as a permanent magnet film. Moreover, even If there Is no ground film, when 
giving sufficient coercive force like Co-2r02. Cr ground film can also be omitted. Moreover. It is necessary to make 
the switched connection magnetic field Hex larger than the coercive force of a permanent magnet film like the 
operation gestalt 4. moreover, also in this operation gestalt, like the operation gestalt 4. when using the same 
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material as Ferromagnetic A and Ferromagnetic B, thickness Y of Ferromagnetic B is made thinner than the 
thickness X of the ferromagnetic A which forms membranes previously with a thickness difference Inm or less — it 
Is desirable 

[0080] As mentioned above, although various operation gestalten were explained about this invention, when this is 
adjusted, what does so the following composition, an operation, or a. function is contained as an operation gestalt of 

this invention. 

[0081] It is desirable to set fixed-bed magnetization as a medium confrontation side perpendicular with a spin bulb 
sensor or a head. Therefore, at the time of membrane formation, magnetic field impression is carried out and the 
easy axis of a ferromagnetic is set as a medium confrontation side perpendicular direction. The size of an anisotropy 
constant Ku is carried out to more than 2x103 (J/m3). And the saturation magnetostriction constant of a 
ferromagnetic is just carried out. Moreover, the magnetic pole produced in a fixed-bed side is made small by making 
the crystal magnetic anisotropy of a ferromagnetic small. 

[0082] In order to make a crystal magnetic anisotropy small, to control the anisotropy constant by the induced 
magnetic anisotropy more than 2x103 (J/m3) and to just carry out a saturation magnetostriction constant, a 
ferromagnetic is used as the alloy film containing Co, and the composition is considered as the composition with 
which are satisfied of the following formula. That is, if the following composition is adopted as composition, the 
above-mentioned function will be satisfied. 
[0083] ColOO-Y-ZFeYNiZ (at%) 

An easy axis is set as a medium confrontation side perpendicular direction by impressing the magnetic field at the 
time of membrane formation of Y>=5Z<=20 Y+Z<=70 and a spin bulb film in the direction of 1 0 (it being 
perpendicularly to a medium opposed face). Two to 4 times of the anisotropy field of a simple substance 
ferromagnetic, i.e., 2 Ku/Ms, are suitable for the size of a magnetic field. Here, Ms is the saturation magnetization of 
a ferromagnetic. Moreover, the film which forms membranes at the point of two ferromagnetics is made to some 
extent thicker than the thickness of the film which forms membranes later. 

[0084] Further the output of a sensor as a method of increasing Moreover, the inside of two ferromagnetics of the 
laminating ferry fixed bed. The material of the ferromagnetic of the one distant from a free layer at least to the 
above-mentioned CoNIFe alloy composition Let a kind of Nb, Zr, Ti, Hf, Ta, W, Mo. V. Cr, AlPt. and Pd. Ir. Rh, Ru. 
Au(s), Ag or Cu(s), or the element of the kind beyond It be a ferromagnetic material added and obtained. 
[0085] It is using the ferromagnetic which adds a kind of an aluminum oxide, a zirconic-acid ghost, a tantalic-acid 
ghost, a titanic-acid ghost, a hafnium oxide, a niobic-acid ghost, a chromic-acid ghost, a tungstic-acid ghost, a 
molybdenum oxide, and the banazin-san ghosts, or the oxide of the kind beyond it to the above-mentioned CoNiFe 
alloy composition as an option which increases a sensor output further, and is obtained. Addition of these oxides can 
enlarge specific resistance up to two (microomegam) grade by addition of an about [ 10mol% ]. and can perform 
improvement in an output of a sensor. 

[0086] Moreover, after removing a magnetic field if the ferromagnetic of the laminating ferry fixed bed carries out 
magnetic saturation in case the magnetic field for magnetizing a permanent magnet film is added, when preparing the 
permanent magnet film which gives vertical bias to both the sides of a spin bulb film, in order that a free layer may 
carry out magnetic-domain control, in order for the fixed bed to form many magnetic domains, the problem that the 
sensitivity of a sensor falls is. 

[0087] In order to avoid many magnetic-domainsHzation of such the fixed bed, it is desirable to make sufficiently 
larger than the coercive force He of a permanent magnet film the switched connection magnetic field Hex of two 
ferromagnetics of the laminating ferry fixed bed which carry out antiferromagnetism combination mutually, and to 
make the magnetic field H of the net except the anti-magnetic field in the case of magnetization of a permanent 
magnet into Hc<H<Hex. For that purpose, in order to enlarge Hex as much as possible, it is desirable to make 
thickness of Ferromagnetics A and B thin. In the composition of this invention, it is desirable to make it 5.5nm or 
less. 

[0088] It is material composition of a ferromagnetic Co100-Y-ZFeYNiZ (at%) 

It is referred to as Y>=5Z<=20 Y+Z<=70 for making the crystal structure into ©r a body centered cubic 
structure, making it an anisotropy constant, giving the induced magnetic anisotropy more than 2x103 (J/m3) to the 
sense of the magnetic field at the time of membrane formation, and just making a saturation magnetostriction 
constant it. The size of this anisotropy constant is a size which becomes very stable [ the fixed bed ] from a record 
medium at the magnetic field which joins a sensor. 

[0089] The material of the ferromagnetic of the one distant from a free layer at least among two ferromagnetics of 
the laminating ferry fixed bed Considering as a ferromagnetic material which adds a kind of Nb, Zr, Ti, Hf, Ta, W, Mo, 
V, Cr, aluminum. Ft, Pd, Ir, Rh, Ru. Au, Ag, or the Cu(s) or the element of the kind beyond It at the above-mentioned 
CoNiFe alloy composition, and Is obtained It is for making small the ratio to the current of the whole shunt current 
which does not contribute to magnetic-reluctance change. 

[0090] It is for using the ferromagnetic which adds a kind of an aluminum oxide, a zirconic-acid ghost a tantalic-acid 
ghost, a titanic-acid ghost, a hafnium oxide, a niobic-acid ghost, a chromic-acid ghost, a tungstic-acid ghost, a 
molybdenum oxide, and the banazln-san ghosts or the oxide of the kind beyond it to the above-mentioned CoNiFe 
alloy composition, and is obtained also making small the ratio to the current of the whole shunt current which does 
not contribute to magnetic-reluctance change. 

[0091] The switched connection magnetic field Hex of two ferromagnetics of the laminating ferry fixed bed which 
carry out antiferromagnetism combination mutually is made sufficiently larger than the coercive force He of a 
permanent magnet film, and the magnetic freld H In the case of magnetization of a permanent magnet is made into 
Hc<H<Hex for a magnetization community being too large and not giving multl-magnetlc-domain structure to the 
laminating ferry fixed bed. 

[0092] Moreover, thickness of the ferromagnetic created previously is thickened below with the thickness difference 
1 (nm) fi-om the ferromagnetic created behind. Thereby, even if magnetization of the laminating ferry fixed bed 
becomes stable in the direction of the impression magnetic field at the time of membrane formation and does not 
have antiferromagnetism switched connection layers, such as FeMn and NiO, it is stable also to the external 
magnetic field of 40 or more kA/m. 
[0093] 

[Effect of the Invention] The induced-magnetic-anisotropy constant of a sensor film is also controlled by impressing 
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the magnetic field of a suitable size in the desirable direction, in case according to this invention composition of the 
ferromagnetic which constitutes the fixed bed of the spin bulb sensor film which has the laminating ferry type fixed 
bed is chosen appropriately and a sensor film is formed beyond a fixed value, and a saturation magnetostriction 
constant also controls it by it to a desirable positive value. 

[0094] This realizes the easy shaft orientations and the size of a constant of the magnetic anisotropy which united 
the induced magnetic anisotropy and the magnetic anisotropy by the magnetoelastic effect in the state desirable as 
the laminating ferry fixed bed of a spin bulb sensor. 

[0095] By this, the spin bulb sensor of the mold which does not have the switched connection layer of 
antiferromagnetism, such as FeMn and NiO, In the fixed bed can be created with a sufficient controllability. 
[0096] Moreover, a sensor property is improved by using various sMe**3Me** material for the ferromagnetic of the 
laminating ferry fixed bed for an alloying element. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing concerning the operation gestalt of this invention showing the outline of a magnetic 
recorder and reproducing device. 

[Drawing 2] It is drawing showing the magnetic head for magnetic recorder and reproducing devices using the spin 
bulb sensor of this invention. 

[Drawing 3] It is the magnetic-reluctance curvilinear view of the spin bulb film which has the laminating ferry fixed 
bed, and is the magneticreluctance curvilinear view about two or more cases into which the anisotropy field of the 
ferromagnetic which constitutes the aforementioned fixed bed was changed. 

[Drawing 4l When CoFe of 14at%Fe composition is used for the ferromagnetic of the laminating ferry fixed bed. Are 
drawing showing the magnetic-reluctance curve of the spin bulb film at the time of using Co, and are a 
magnetic-reluctance curvilinear view at the time of (A) having Ta ground film and using CoFe for a ferromagnetic, 
and (B) has no Ta ground film. It is a magnetic-reluctance curvilinear view at the time of using CoFe for a 
ferromagnetic, and (C) is a magnetic-reluctance curvilinear view at the time of using Co for a ferromagnetic without 
Ta ground film, and is a magnetic-reluctance curvilinear view at the time of (D) having Ta ground film and using Co 
for a ferromagnetic. 

[Drawing 5l It is drawing showing the ferromagnetic thickness dependency of the coercive force of the CoFe film 
which consists of a Co film and 1 4at%Fe, and it is drawing of an about when there is nothing to a substrate with the 
case where there is a Ta film, as a ground film using a glass substrate. 

[Drawing 6] It is drawing showing the stability of the sensor film to the external magnetic field of a spin bulb which 
used CoFe of 1 4at%Fe composition for the ferromagnetic of the laminating ferry fixed bed, and it is drawing in which 
showing the magnetic field strength which impressed magnetic-reluctance change of an element in the easy shaft 
and the rectangular direction of the fixed bed at the horizontal axis in a vertical axis, and showing the result 
investigated about the case of the plurality which changed the thickness of a CoFe ferromagnetic, and when there is 
nothing with the case where there is 

[Drawing 7l It is drawing showing the thickness X dependency of the switched connection magnetic field Hex of the 
laminating ferry fixed bed of composition of having inserted the CoFe ferromagnetic of Thickness X (nm) and the 
CoFe ferromagnetic of thickness (X-0.5) (nm) by Ru film of thickness 0.6 (nm), and is drawing showing a result in 
case there is nothing with the case where there is a Ta ground film. 

Drawing 8l It is drawing showing the structure of the spin bulb sensor using the laminating ferry fixed bed. 
Drawing 9J Drawing 7 of the spin bulb sensor using the laminating ferry fixed bed is drawing showing different 
structure. 

[Description of Notations] 

16 Substrate 17 21 Magnetic Shielding 

18 Spin Bulb Film 19 20 Electrode 

22 Coil 23 Reproduction Gap 

24 Magnetic Core 31 32 Permanent Magnet Film 

41 Insulator Layer 42 Ground Film 

43 Nonmagnetic Electric Conduction 44 Co Film 

45 Permalloy Film 46 Cap 

50 Laminating Ferry Fixed Bed 52 Ferromagnetic 

53 Antiferromagnetism Joint Film 54 Ferromagnetic 

56 57 The magnetization direction 60 61 Ground film 

62 63 Permanent magnet film 64 65 Electrode 

71 Insulator Layer 72 Ground Film 

73 Nonmagnetic Electric Conduction **** 74 Co Film 

75 Permalloy Film 76 Cap 

80 Laminating Ferry Fixed Bed 82 Ferromagnetic 
83 Antiferromagnetism Joint Film 84 Ferromagnetic 
86 87 The magnetization direction 90 91 Ground film 
92 93 Permanent magnet film 94 95 Electrode 
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CLAIMS 



[Claim(s)] 

[Claim 1] The Ist ferromagnetic layer which is comparatively easy to answer to a magnetic field The 2nd 
ferromagnetic layer which cannot answer comparatively easily to a magnetic field The nonmagnetic spacer layer of 
conductivity [ between / the ferromagnetic layer of the above 1 st, and the ferromagnetic layers of the above 2nd ] It 
is the magnetoresistance-efFect type head equipped with the above, the ferromagnetic layer of the above 2nd The 
ferromagnetic A of two sheets by which antiferromagnetism combination was carried out mutually and Ferromagnetic 
B, and the antiferromagnetism joint film which separates the ferromagnetics A and B of the two aforementioned 
sheets, Shell composition is carried out and it is characterized by for the induced-magnetic-anisotropy constant of 
the aforementioned ferromagnetic A and Ferromagnetic B being more than 2x103 (J/m3X and the saturation 
magnetostriction constant of the aforementioned ferromagnetic A and Ferromagnetic B being a positive value. 
[Claim 2] SU characterized by providing the following The 1 st ferromagnetic layer which is comparatively easy to 
answer to a magnetic field In the m a gnetore si stance-effect type head based on the nonmagnetic spacer layer pin 
bulb effect of conductivity [ between / the 2nd ferromagnetic layer which cannot answer comparatively easily to a 
magnetic field, the ferromagnetic layer of the above 1 st, and the ferromagnetic layers of the above 2nd ] Shell 
composition of the ferromagnetic layer of the above 2nd is carried out with the ferromagnetic A of two sheets by 
which antiferromagnetism combination was carried out mutually and Ferromagnetic B, and the antiferromagnetism 
joint film which separates the ferromagnetics A and B of the two aforementioned sheets, and composition of the 
aforementioned ferromagnetic A and Ferromagnetic B is Co100-Y-ZFeYNiZ. (at%) 
Y>=5Z<=20 Y+Z<=70 it is — magnetoresistance-effect type head characterized by things 

[Claim 3] SU characterized by providing the following The 1 st ferromagnetic layer which is comparatively easy to 
answer to a magnetic field In the magnetoresistance-effect type head based on the nonmagnetic spacer layer pin 
bulb effect of conductivity [ between / the 2nd ferromagnetic layer which cannot answer comparatively easily to a 
magnetic field, the ferromagnetic layer of the above 1 st, and the ferromagnetic layers of the above 2nd ] Shell 
composition of the ferromagnetic layer of the above 2nd is carried out with the ferromagnetic A of two sheets by 
which antiferromagnetism combination was carried out mutually and Ferromagnetic B. and the antiferromagnetism 
joint film which separates the ferromagnetics A and B of the two aforementioned sheets, and composition of the 
aforementioned ferromagnetic A and Ferromagnetic B is Co100-Y-ZFeYNiZ. (at%) 

Y>=5Z<=20 Y+Z<=70 it is — magnetoresistance-effect type head characterized by adding a kind of Nb, Zr, Ti, Hf, Ta, 
W. Mo, V. Cr, AlPt, and Pd, Ir, Rh, Ru. Au(s), Ag or Cu(sX or the element of the kind beyond it to the aforementioned 
composition 

[Claim 4] SU characterized by providing the following The 1 st ferromagnetic layer which is comparatively easy to 
answer to a magnetic field In the magnetoresistance-effect type head based on the nonmagnetic spacer layer pin 
bulb effect of conductivity [ between / the 2nd ferromagnetic layer which cannot answer comparatively easily to a 
magnetic field, the ferromagnetic layer of the above 1 st, and the ferromagnetic layers of the above 2nd ] Shell 
composition oiF the ferromagnetic layer of the above 2nd is carried out with the ferromagnetic A of two sheets by 
which antiferromagnetism combination was carried out mutually and Ferromagnetic B, and the antiferromagnetism 
joint film which separates the ferromagnetics A and B of the two aforementioned sheets, and composition of the 
aforementioned ferromagnetic A and Ferromagnetic B is ColOO-Y-ZFeYNiZ. (at%) 

Y>=5Z<=20 Y+Z<=70 it is — magnetoresistance-effect type head characterized by adding a kind of an aluminum 
oxide, a zirconic-acid ghost, a tantalic-acid ghost, a titanic-acid ghost, a hafnium oxide, a niobic-acid ghost, a 
chromic-acid ghost, a tungstic-acid ghost, a molybdenum oxide, and the banazln-san ghosts, or the oxide of the kind 
beyond it to the aforementioned composition 

[Claim 5] Two ferromagnetics A by which were formed on the substrate and antiferromagnetism combination was 
carried out mutually, and Ferromagnetic B The antiferromagnetism joint film which separates the two aforementioned 
ferromagnetics A and B by the film surface a shell — with the laminating ferry fixed bed and the nonmagnetic spacer 
layer adjoined and formed in the ferromagnetic B of the aforementioned laminating ferry fixed bed by the film surface 
The ferromagnetic layer which has the soft magnetic characteristics which adjoined and were formed in the 
aforementioned nonmagnetic spacer layer by the film surface, Co basis permanent magnet film which has the ground 
film formed so that the spin bulb film processed into the fixed configuration which consists of the aforementioned 
laminating ferry fixed bed, an aforementioned nonmagnetic spacer layer, and an aforementioned ferromagnetic layer 
might be adjoined in a film cross section, and the electrode layer which adjoins the aforementioned permanent 
magnet film by the film surface It is the magnetoresistance-effect type head equipped with the above, and is 
characterized by for the induced-magnetic-anisotropy constant of the aforementioned ferromagnetic A and 
Ferromagnetic B being more than 2x103 (J/m3), and the saturation magnetostriction constant of the aforementioned 
ferromagnetic A and Ferromagnetic B being a positive value. 

[Claim 6] Substrate The ferromagnetic layer which has the soft magnetic characteristics formed on the 
aforementioned substrate The nonmagnetic spacer layer adjoined and formed in the ferromagnetic which has the 
aforementioned soft magnetic characteristics by the film surface, the antiferromagnetism joint film which separates 
the ferromagnetic A which adjoins the aforementioned nonmagnetic spacer layer by the film surface, the 
aforementioned ferromagnetic A, the ferromagnetic B which carries out switched connection In antiferromagnetism 
and the aforementioned ferromagnetic A, and Ferromagnetic B by the film surface — a shell — with the laminating 
ferry fixed bed Co basis permanent magnet film which has the ground film formed so that the spin bulb film 
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processed into the fixed configuration which consists of an aforementioned ferromagnetic layer, an aforementioned 
nonmagnetic spacer layer, and the aforementioned laminating ferry fixed bed might be adjoined in a film cross 
section, and the electrode layer which adjoins the aforementioned permanent magnet film by the film surface It is 
the magnetoresistance-effect type head equipped with the above, and is characterized by for the 
induced-magnetic-anisotropy constant of the aforementioned ferromagnetic A and Ferromagnetic B being more than 
2x103 (J/m3), and the saturation magnetostriction constant of the aforementioned ferromagnetic A and 
Ferromagnetic B being a positive value. 

[Claim 7] Two ferromagnetics A by which were formed on the substrate and antiferromagnetism combination was 
carried out mutually, and Ferromagnetic B The antiferromagnetism joint film which separates the two aforementioned 
ferromagnetics A and B by the film surface a shell — with the laminating ferry fixed bed and the nonmagnetic spacer 
layer adjoined and formed in the ferromagnetic B of the aforementioned laminating ferry fixed bed by the film surface 
The ferromagnetic layer which has the soft magnetic characteristics which adjoined and were formed in the 
aforementioned nonmagnetic spacer layer by the film surface, Co basis permanent magnet film which has the ground 
film formed so that the spin bulb film processed into the fixed configuration which consists of the aforementioned 
laminating ferry fixed bed, an aforementioned nonmagnetic spacer layer, and an aforementioned ferromagnetic layer 
might be adjoined in a film cross section, and the electrode layer which adjoins the aforementioned permanent 
magnet film by the film surface It is the magnetoresistance-effect type head equipped with the above, and is 
characterized by making sufficiently larger than the coercive force He of the aforementioned permanent magnet film 
the switched connection magnetic field Hex of two ferromagnetics of the aforementioned laminating ferry fixed bed 
which carry out antiferromagnetism combination mutually, carrying out magnetic field impression of the magnetic 
field H in the case of magnetization of the aforementioned permanent magnet as Hc<H<Hex at spin bulb film surface 
inboard parallel to the confrontation side of a magnetic-recording medium, and magnetizing a permanent magnet film. 

[Claim 8] The magnetic recorder and reproducing device characterized by reading a magnetoresistance-effect type 
head according to claim 1 or 2, using as a head, writing in the magnetic-induction type head separated from the 
aforementioned magnetoresistance-effect type head by magnetic shielding, using as a head, writing in with the 
aforementioned read-out head, and delivering and receiving the information on a magnetic-recording medium by the 
head. 



[Translation done.] 
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